Aim: To investigate the influence of picroside II on hepatocyte apoptosis and its mechanism. Methods: Morphological changes and quantification of apoptotic cells were determined under transmission electron microscopy and flow cytometry respectively. DNA fragmentation was visualized by agarose gel electrophoresis. Semi-quantitative reverse transcription-PCR (RT-PCR) was used to analyze the expression of bcl-2 and bax genes. The content of manganese-superoxide dismutase (SOD) in liver mitochondria was detected by the Marland method. The content of malonic aldehyde (MDA) and the protein level in liver tissue were determined by thiobarbituric acid colorimetry and Lowry method. Results: Picroside II decreased the levels of alanine aminotransferase and aspartate aminotransferase in the serum resulting from acute-liver injured mice induced with DGalN and LPS; it also reduced the content of MDA, and thus, enhanced the activity of SOD. Picroside II 10 mg/kg was found to protect hepatocytes against apoptosis in a dose-dependent manner; it up-regulated the expression of bcl-2 genes, thus increased the bcl-2/bax ratio. Conclusion: Picroside II can protect hepatocytes against injury and prevent hepatocytes from apoptosis. It might by upregulating the bcl-2 gene expression and antioxidation.
Introduction
Picrorhiza scrophulariiflora belongs to the plant family, scrophularia. Dried rhizome from Picrorhiza scrophulariiflora is used for medicine benefits. Many published studies have found that it can protect hepatocytes from many kinds of injury, but the mechanism has not been clearly elucidated. Picroside II is one of the most effective components extracted from Picrorhiza scrophulariiflora. To investigate the mechanism of picroside II's protective effects on hepatocytes, we have established hepatocyte apoptosis models in vivo and in vitro. Transmission electron microscopy, agarose gel electrophoresis of DNA and flow cytometry were used to evaluate apoptosis of hepatocytes. Semi-quantitative RT-PCR together with image manipulation were used to analyze bcl-2 and bax mRNA which are highly related to apoptosis; immunohistochemistry was used to observe the protein expression of Bcl-2 and Bax. Together with several other oxidation indexes, we tried to demonstrate the mechanisms of picroside II's effect on liver protection in apoptosis.
medison,USA). Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) detection kits, malondialdehy (MDA, Mn-Super oxide dismutase (Mn-SOD), and streptavidinperoxidase (SP) were all domestic products.
Models establishing and treatment
In vivo Before experiments were started, 72 mice were divided into 6 groups randomly. Five groups were treated with D-GalN (700 mg/kg, ip) and LPS (1 µg/kg, ip) to establish hapatocyte apoptosis model in vivo, among which the 4 groups were infused (ig) with picroside II 5 mg/kg, 10 mg/kg, 20 mg/kg, or vehicle (0.9 % NaCl) 10 min before and 4 h after the D-GalN and LPS administration, respectively. One group received biphenyl dimethyl dicarboxylate pilules (DDB) (200 mg/ kg) with the same manipulation acts as a positive control. The remained group was the negative control. Five hours after the model was established, the blood of 6 mice from each group was sampled though eye socket veins. ALT and AST in serum were then monitored (by continuously using the monitoring method, recommended by National Clinical Chemistry League). Cut sections of liver tissue (left part) of the remaining 6 mice of each group were prepared for pathology evaluation and immunohistochemistry detection of Bcl-2/Bax proteins. The liver suspending liquid (20%) was made from the rest of the liver and stored at under -20 ºC, in order to detect SOD in liver mitochondria (by the Marland method), protein level (by the Lowry method) and the content of MDA of liver tissue (by TBA colorimetry). Another 1 mL of liver suspending liquid was centrifuged at 12 000×g for 20 min. 400 µL upper liquid, 1 mL ethanol and 50 µL (5 mol/L) was mixed together and stored at under -20 ºC for DNA fragmentation analysis.
In vitro Primary culture of hepatocytes from rats were isolated as previously described [1] . Rats were decapitated under anesthesia. In situ perfusion was then performed with calcium and magnesium-free Hanks' salt solution followed by a medium containing collagenase through the hepatic portal vein of rats, the suspending liquid containing rat liver cells were collected. The suspending liquid was then centrifuged at 120×g at 4 ºC for 5 min. The cell pellets were washed twice with cold Hanks' solution and the cell concentration was modulated to 1×10 9 /L. The cells were seeded in 24-well culture plates in the growth medium consisting of DMEM with 20% FBS, at 37 ºC in a water-saturated atmosphere of 5% CO 2 . After 24 h, the culture medium was abandoned, and cells were exposed to a series of concentrations of picroside II (0.005, 0.01, and 0.02 mmol/L). After 1 h, Act-D 50 µg/L was added, and 30 min later TNF-α 3000 kU/L was added consecutively to the well for another 24 h. A negative control group was set which was exposed to the normal culture medium. An assessment of hepatocyte apoptosis and apoptosis-related genes bcl-2 and bax mRNA extraction was then performed.
The Marland method was used to detect the content of SOD in liver mitochondria. MDA content of liver tissue was detected by TBA colorimetry and the protein level of liver was analyzed using Lowry method . ALT and AST in serum were detected by the continuous monitoring method (recommended by International Clinical Chemistry League).
Immunohistochemistry analysis Liver tissues were fixed in 4% formaldehyde for 24 h and embedded in paraffin routinely, followed by 5 µm slicing up. The streptavidinperoxidase (SP) method was assumed. The bcl-2 monoclonal antibody (1:50) or Bax polyclonal antibody (1:50) as primary antibodies was applied and incubated overnight at 4 ºC or for 60 min at room temperature. The slices were observed and photographed through light microscope and the percentage of the positive staining area of bcl-2 or bax were semiquantitatively analyzed by using CMIAS-008 Image Analyser (Beijing, China).
Reverse transcriptase polymerase chain reaction assay Total cytoplasmic RNA of each group was isolated from 1.5×10 7 cultured cells by the TRIZOL method (according to GIBCO specification). The concentration of RNA was determinated by absorbance at 260 nm, and its integrity was confirmed by means of electrophoresis on 1% agarose gels, and then stained with 0.1 mg/L ethidium bromide (EB). A total of 1 µg of RNA was converted to complementary DNA (cDNA) using 15 U reverse transcriptase in 20 µL buffer, which contained 1 mmol/L deoxy-NTP, 1 U RNase inhibitor and 0.5 µg oligo (deoxythymidine) 15 primer. An aliquot (5%) of cDNA was amplified using the reverse ( 5'-AGA GGG GCT ACG AGT GGG AT-3') and forward primer (5'-CTC AGT CAT CCA CAG GGC GA-3') to yield 450 bp polymerase chain reaction (PCR) product for bcl-2, the reverse (5'-GGT TTC ATC CAG GAT CGA GAC GG-3') and forward primer (5'-ACA AAG ATG GTC ACG GTC TGC C-3') to yield a 429 bp PCR product for bax. In order to verify the equal amounts of cDNA were presented in the PCR reaction, β-actin was separately co-amplified with the bcl-2 and bax cDNA, with the reverse (5'-TAA AGA CCT CTA TGC CAA CAC AGT-3') and forward primer ( 5'-CAC GAT GGA GGG GCC GGA CTC ATC-3') to yield a 240 bp PCR product. The PCR conditions were as follows: pre-denaturation at 94 ºC for 5 min, denaturation at 94 ºC for 30 s, annealing at 60 ºC (bcl-2 and β-actin) or 64 ºC (bax) for 40 s, and polymerisation at 72 ºC for 40 s with Taq DNA polymerase. After 28 cycles, 20 µL bcl-2 or bax PCR product together with the β-actin PCR product of the same template were separated by electrophoresis and revealed by EB staining. Then each band of the electrophoresis gel was semiquantitatively analyzed using Imagemaster and Software Image Analyser (Beijing,China). The bcl-2 and bax mRNA levels were expressed as the ratio of signal intensity for the target genes in relation to that for the coamplified β-actin.
Flow cytometry analysis Cultured hepatocytes 1×10 9 /L of each group were harvested, washed with PBS at 4 ºC, and exposed to pre-chilled ethanol at 4 ºC for 30 min. They were then washed again with PBS, exposed to PI 50 mg/L, 0.1% TritonX-100, 0.01 mmol/L EDTA (Na) 2 and RNase 50 mg/L at normal temperature in darkness for 12-24 h. Specimen were then presented to the FACS-420 Flow Cytometry Analyser (New York, Becton Dickinson and Company, American) to evaluate apoptosis levels.
DNA fragmentation analysis The cultured hepatocytes of each group were lysed in Tris-HCl 20 mmol/L (pH 8.0), EDTA 10 mmol/L, and 0.5% lauryl sarcosyl containing 200 mg/L of proteinase K. DNA was extracted by supercentrifugation, precipitation with ethanol and was treated with RNase. The DNA was then loaded onto 1%-2% agarose gel containing ethidium bromide (EB), which was observed and photographed under UV transillumination.
Morphological evaluation light microscope assay Serial slices of liver tissues were prepared from mice in each group and stained with hematoxyline-eosin (HE) and then observed under light microscope at 200× or 400×magnification.
Transmission electron microscopy assay Liver tissue specimen were fixed and postfixed with glutaraldehyde and osmium troxide respectively, dehydrated by acetone, imbedded in eposy resin. Ultrathin sections were collected and counterstained with lead citrate and viewed with a JEM100CXtransmission electron microscope (Tokyo, Japan).
Statistical analysis All results were expressed as mean±SD. Data were assessed by using t-test, and P<0.05 was considered stastically significant. Table 1) .
Results

Effects
Effects of picroside II on MDA and SOD content of mice suffered from acute liver injury induced by D-GalN and LPS
The SOD value of model group decreased, but the MDA value increased compared with negative group (P<0.01). The content of MDA of all groups exposed to picroside II markedly decreased, whereas SOD increased compared with the model group. This effect suggested a dose-dependent manner (P<0.05 or P<0.01) ( Table 2 ).
Immunohistochemistry analysis of Bcl-2 and Bax A few pale yellow granula (Bcl-2 protein) were detected in hepatocytes cytoplasm of the negative group. There were more granula in the model group and the most were found in the groups treated with picroside II ( Figure 1A ). Little buff granula (Bax protein) was detected in normal hepatocytes. The amount of the granula was more in the model group, and existed dispersedly or in focus with the color more heavily than others. Bax protein expression in groups treated with picroside II decreased ( Figure 1B) . The difference between Table 3 ).
These results suggested that picroside II could effectively up-regulate the expression of apoptosis-related gene bcl-2 and inhibit bax expression. The increased bcl-2/bax ratio, thereby counteracted the hepatocyte apoptosis.
Semiquantitative RT-PCR analysis of apoptosis-related genes bax and bcl-2 mRNA The total RNA extracted from each group were loaded onto 1% agarose gel; 28 s, 18 s, and 5 s bands could be clearly observed, which confirmed the integrity of the total RNA (Figure 2 ). In the present study, 20 µL bcl-2 or bax PCR product together with β-actin PCR product of the same template were separated by electrophoresis and revealed by EB staining. PCR products of bcl-2, bax, and β-actin were 450 bp, 429 bp, 240 bp, respectively ( Figure 3) . The bcl-2 mRNA was the most in the group treated with picroside II 20 g/L, and the least in the negative group; bax mRNA was the most in model group, followed by the negative group, and the least in the groups treated with picroside II.
Morphological evaluation by light microscope assay Hepatocytes exhibited acidophilic trait induced by D-GalN and LPS, and there were acidophilic bodies in cytoplasm. There was no obvious pathological change observed in groups treated with picroside II 10 and 20 g/L (Figure 4) .
Transmission electron microscopy assay Normal hepatocyte was capsule intact, cytoplasm well-diffused, and karyotheca distinct and bears large nuclei. Apoptotic cells in the initial stages had shrunken and compacted with condensed or marginal chromatin. Chromatin spalls to pieces or semilunar body gradually and cytoplasm becomes condensation. In addition, blebbing of the plasmalemma, forming apoptosis body, a hall marker of apoptosis was then be observed ( Figure 5 ).
DNA fragmentation analysis Figure 6 shows that the model groups (lanes 2 and 7) exhibited the characteristic DNA ladder. In the groups treated with picroside II 5, 10, 20 g/L (lane 6, 5 and 4, respectively), the DNA ladder became less characteristic. Groups treated with picroside II 20 g/L (lane 4) were similar to negative group (lane 3).
Flow cytometry analysis of apoptosis Apoptosis rate of primary hepatocytes of the negative group was 4.1%, the model group was 22.3%, groups treated with picroside II 20, 10, 5 g/L were 6.9 %, 10.7 % and 15.1 %, respectively, which suggested that picroside II could protect hepatocyte against apoptosis, and it acted in a dose-dependent manner (Figure 7 ).
Discussion
The pathogenesis mechanisms of viral hepatitis is closely related to hepatocyte necrosis as well as apoptosis closely. Invasion of hepatitis virus to liver or hepatocytes canceration will result in hepatocyte apoptosis [9] [10] [11] . In inflammtory hepatitis, acidophilic body (shrunken necrosis, apoptosis corpuscula) and piece-meal necrosis were the characteristic morphological manifestation of apoptotic hepatocytes. Apoptosis of hepatocytes infected by virus can be a protective mechanism of the host to protect against virus replication and distribution from the infected cells [12] . Apoptotic cell death contributes to the removal of infected or cancerized cells, but over-apoptosis results in fulminate hepatitis [13, 14] . Commonly, drugs are used to block hepatocyte apoptosis in order to cure hepatitis gravis, and to induce hepatocyte apoptosis for removing infected and cancerized cells [15] [16] [17] [18] [19] [20] . One important molecular mechanism for cell apoptosis might be the modulation of the expression of bcl-2 gene family, which plays a critical role for the common pathway of apoptosis. Previous studies showed that proteins of Bcl-2 family could inhibit apoptosis of chronic infective hepatocytes, marrow stem cells, and nerve cells. The biological function of Bcl-2 is to increase the power to resist many apoptotic factors, counteract the effect of apoptosis, and extend lifespan. Bax, another important apoptosis-modulating gene product, is highly related to Bcl-2. Bax inactivates Bcl-2 by binding it to form a heterogeneous dimer. The mRNA and protein ratio of Bcl-2 to Bax is a pivotal factor in determine whether or not apoptosis can happen to cells exposed to many injuries [21] . Studidies have revealed that TNF-α could induce hepatocyte apoptosis, thus to participate in the onset of liver diseases. However, TNF-α itself dose not act in vivo and in vitro unless it is used together with Act-D and D-GalN [22] . Act-D is an inhibitor of RNA transcription, and could sensitize cells to the toxicity of TNF-α [23] . Therefore, the combination of Act-D and TNF-α is frequently used to establish models of hepatocyte apoptosis in vivo as well as in vitro [24] . The present study assumed that Act-D together with TNF-α to the establish experimental apoptosis model, agarose gel electrophoresis of DNA, and flow cytometry were used to evaluate hepatocyte apoptosis; light and transmission electron microscopy were used to observe morphological changes of cells and tissues; and quantitatively analysed the hepatocytes apoptosis. These results indicated that Picroside II evidently inhibited the morphological changes of hepatocytes, DNA fragmentation, and the increase of sub-G1 spike (represents proportion of apoptosis). Immunohistochemistry and semi-quantitative RT-PCR analysis of the Bcl-2 and Bax expression and mRNA of bcl-2 and bax genes suggested that both bcl-2 and bax increased after hepatocyte injury, especially bax. The bcl-2 level and the ratio of bcl-2/bax increased markedly in groups treated with picroside II and apoptosis changes were also inhibited.
MDA is a lipid peroxide, whose content usually reflects the level of lipid peroxidation and indirectly reflects the extent of injury in vivo. SOD is a pivotal factor influencing the balance of oxidation and antioxidation, and its activity could indirectly reflect the capability of removing oxygen free radical. Biomembrane is the main place to undertake lipid peroxidation injury. Active oxygen from inflammatory cells could induce apoptosis in cells when lipid peroxidation injury occurs to the membranes of mitochondria and microsome. Changes of cell phenotype through gene transcription might be one of the mechanisms of apoptosis induced by oxidation injury. The present study also suggested that picroside II could simultaneously decrease the level of MDA, ALT, AST, and increase the activity of SOD in liver mitochondria.
In conclusion, we have shown for the first time that picroside II is able to protect hepatocytes against injury and counteract apoptosis through its anti-oxidation effect, and it can act by decreasing MDA level, increasing the activity of SOD in liver mitochondria and upregulating bcl-2 gene expression.
